Two field experiments were conducted at Sids Agricultural Research Station, A.R.C., Beni Swif Governorate to study the response of soybean variety Giza.111 to rhizobium inoculation combined with bio-fertilizer under mineral fertilization of nitrogen, phosphorus and molybdenum and their interactions on growth (plant height and dry weight/plant) , yields (seed and straw) , nutrients concentration and uptake and protein and oil percentages and yields. Four replicates in randomized complete block design were used in both experiments with the four factors of study. Results showed that plant height, dry weight/plant , seeds and straw yields and concentrations of nitrogen, phosphorus and molybdenum and uptake in seeds and straw as well as protein percentage and protein and oil yields were positively affected by rhizobium inoculation and 60, 13.1and 5kg/fed nitrogen , phosphorus and molybdate sodium except N and K % in seeds and straw , P % in seeds and Mo% in straw not affected by nitrogen , bio-and molybdenum fertilization . Moreover , oil percentage in seeds did not respond to the studied factors . The dual inoculation surpassed the single inoculation . As for the interaction, the statistical analysis showed that the high level of nitrogen had a antagonistic action on the effective effect of bacterial inoculation . On the other hand , added phosphorus had a synergistic effect on enhancing the positive effects of both bacterial inoculation and molybdenum on soybean growth and yields . In general , the treatment of rhizobium +bio-inoculation + 30 + 13.1 + 5 kg/fed nitrogen , phosphorus and molybdate sodium gave the highest quality and quantity of soybean .
INTRODUCTION
Soybean (Glycine max L.) is the most important grain legume crop in the world in terms of total production and international trade . Soybean accounts for 30% of the worlds processed vegetable oil and also has been employed as a source for bio-diesel fuels (Graham and Vance , 2003) . Soybean seeds contain about 20% oil and 40% good quality protein (Hymowitz et al , 1998) . It also rich in certain essential amino acids , fat soluble vitamins as well as priced product like lecithin . Also , it contains 20.5% starch and rich in calcium , iron and vitamin B . In addition to its nutritional value , soybean is also used as an important dinitrogen (N 2 ) -fixing crop throughout the world .
The co-inoculation of Rhizobium with other plant-promoting bacteria has received a great attention in legume growth promotion for a long time (Anandham et al 2007) . The co-inoculation of Rhizobium and other bio-fertilizer is one of these important dual inoculations , which has proved its effect on many legumes . These dual inoculation can stimulate or inhibit nodule formation and growth , depending on the concentration and timing of inoculation (Yahalom et al , 1991) . The increase in plant dry matter and nitrogen content , as a result of co-inoculation of Rhizobium and other bio-fertilizer , may be related to early nodulation , higher N-fixation and improvement of root development (Burdman et al , 1997) . According to Iruthayathas et al (1983) , the shoot yield of soybean increased as a result of dual inoculation of R. japonicum and A. brasilense , compared with Rhizobium alone . Molla et al (2001) observed a significant root growth , nodulation stimulated and dry matter during coinoculation with Bradryrhizobium and Azospirillum . Groppa et al (1998) and Abdul Jabbar and Saud (2012) found a significant increasing in soybean yield and its components due to dual inoculation .
Many authors stated that legume yields could be increased by seed inoculation compared to nitrogen fertilizer variants (Dobereriner et al , 1995 and Brick et al , 2004) . It was found that low dose of nitrogen had favorable effects on nodulation and nitrogen fixation , whereas higher doses of mineral nitrogen resulted in nodule mass reduction . This directly affected the value reduction of all yield elements (Waterer et al , 1992 and Milakovic et al , 2000) . El Behidi (1985) reported that high rates of available soil nitrogen reduced nodulation and biological nitrogen fixation since plants did not require symbiosis with nodule bacteria .
Among essential nutrients , phosphors (P) plays an important role in biological nitrogen fixation (BNF) in legumes . Symbiotic nitrogen fixation has a high P demand because the process consumes large amounts of energy (Schulze et al , 2006) . Without proper fertilization by phosphorus , Rhizobium activities and nitrogen fixation is depressed because promotes root formation and formation of lateral , fibrous and healthy roots . It is supposed that phosphorus is effectively translocated into grain at high rates , since P is necessary for the production of protein , phospholipids and phytin (Trung and Yoshida , 1982) . Shahid et al (2009) reported that in all phosphorus levels oil content in soybean seed were found non significant , while in case of plant height and number of pod bearing branches/plant , the two higher phosphorus levels gave significantly better results . Also, Qureshi et al (1986) and Malik et al (2006) added that plant height of soybean was significantly increased caused by inoculation and phosphorus application , which may be due to the fact that inoculation started the nitrogen fixation during early growth stages of plant and similarly phosphorus application played a vital role in early root proliferation . P addition resulted in high P uptake and growth of soybean plant (Kumange and Ofori 2004) .
Molybdenum is a trace element found in the soil and is required for growth of most biological organisms including plants (Franco and Munns,1981 and Stangoulis, 2005) . Similar to other metals required for plant growth , molybdenum has been utilized by specific plant enzymes as co-factor that participate in reduction and oxidative reactions in plants (Mendel and Hansch, 2002 and Williums and Da Silva , 2002) . Furthmore , Hageman and Burris (1978) reported that the enzyme nitrogenase contained two proteins ; Mo-Fe protein (component containing iron and protein) and Fe protein (component containing iron and protein) . Jongruaysup et al (1993) stated that crops developing symbiosis with Rhizobium bacteria had increased molybdenum requirements . Deficiency of this element causes a reduction of nodule dry weight . In this concern , Ranaweera (1992) reported that nitrogen and molybdenum application had a significant effect on increasing nitrogen percent and uptake at different growth stages as well as protein percentage and yield in soybean seeds . Also , Liu et al (2005) reported that molybdenum significantly prompted accumulation of root and a aboveground biomass of soybean .
The present study was undertaken to find out the influence of the dual seed inoculation with Rhizobium and bio -fertilizer (Biogen) inoculants as well as nitrogen , phosphorus and molybdenum fertilization and their interactions on productivity and quality of soybean
MATERIALS AND METHODS
The present study was conducted at Sids Agricultural Research Station Farm , ARC , Beni Swief Governorate , Egypt during summer seasons of 2013 and 2014 to assess the effect of dual inoculation of soybean seeds with Rhizobium and bio-fertilizer (Biogen) under nitrogen , phosphorus and molybdenum fertilization on growth , yield in.grains and straw, nutrient uptake as well as protein and oil concentration The soil of the two experimental locations is clay loam in texture , had 8.0 and 8.1 pH , 0.43 and 0.46 EC (mmohs/cm) , 1.83 and 1.76% organic matter and 19 and 21 ppm for available N ; 14 and 12 for available P and 186 and 175 ppm for available K in the two seasons , respectively (according to Jakson , 1973) . The previous crop was wheat in both seasons . The experiment was laid out in a factorial (four factors) design in complete randomized blocks with four replications . The studied factors were : -Nitrogen fertilization at 30 and 60 kg N /fed as ammonium nitrate (33.5 % N). -Phosphorus fertilization (0 and 13.1 kg P/fed as calcium super phosphate (15.5 % P 2 O 5 ) -Molybdenum fertilization (0 and 5kg sodium molybdate ( Na 2 MoO 4 .2H 2 O , 39%Mo) -Inoculation (without inoculation , inoculation with Rhizobium Japonicum alone, and inoculation with Rhizobium Japonicum plus Biogen (Biogen is a commercial biofertilier contain N fixing bacteria of Azotobacter) . It is produced by General Organization of Equalization Fund . Soybean seeds of the variety Giza 111 were inoculated with specific Rhizobium Japoncum strain alone or combined with Biogen as bio-fertilizer before sowing at rate of one bag/fed for each Rhizobium (supplied by department of Microbiology , Soil , Water and Environment Research Institute , ARC) . The most respective bacterial number of Biogen is Azotobacter . The inoculation was done by using Arabic gum as an adhesive material and 1% glucose (W/V) for activating the product candidates . Soybean seeds were coated by bacterial -peat mixture and sown in 15 and 20 June in the two seasons, respectively . Seeds were sown in hills 5 cm apart on ridge 60 cm width . The plot size was 10.5 m 2 (3 x 3.5 m) . Plants were thinned to one plant per hill 21 days after sowing . The normal cultural practices of soybean were followed .
Nitrogen treatments were applied at two equal doses , before sowing as an activator and before first irrigation . Whereas phosphorus and molybdenum treatments were added before sowing during the land preparation .
At maturity random sample of 10 plants were taken from the middle two ridges of every plot . Growth characters , i.e. plant height (cm) and dry weight/plant (g) were recorded ,seed (ardab/fed) and straw (t/fed) yields were measured samples of seeds and straw were collected to determine N,P,K and Mo content in grains and straw according to Chapman and Pratt (1978) . Also, seeds oil content was measured according to A.O.A.C. ( 1975) . Total N,P,K and Mo,uptake and protein and Oil % as well as protein and oil yield were calculated as multiplying protein or oil content by seed yield .
All data were subjected to the proper statistical analysis according to Sendecor and Cochran (1980) . Treatment means were compared by least significant difference (L.S.D.).
RESULTS

Growth parameters
The effects of N , P and Mo as well microbial inoculation on the studied growth parameters of soybean expressed as plant height and dry weight/plant are given in Table (1) . The results show that both plant height and dry weight/plant were significantly affected by nitrogen , phosphorus and microbial inoculation . The tallest and heaviest plants were obtained under 60 kg N/fed ,13.1 kg P/fed and dual inoculation of biofertilizer and rhizobium , while molybdenum application did not alter these growth parameters . The relative increases of plant height due to 60 kg N/fed ,13.1 kg P/fed and dual microbial inoculation reached 4.2 , 5.3 and 4.2 % over 30 kg N/fed , 13.1 kg P/fed and without microbial inoculation, respectively in the first season . The corresponding values for the dry weight/plant were 9.6 , 31.9 and 9.6% in the abovementioned order . The same trends were obtained in the second seasons . Obviously, dual inoculation surpassed single inoculation in its effects on plant height and dry weight by about 1.4 and 4.4 % in the first season and 1.7 and 2.7 % in the second season .
With respect to the interaction between any two of the four studied factors or among them , the results indicate that both plant height and dry weight/plant were affected by the interaction between nitrogen and molybdenum (A×D) ; nitrogen , phosphorus and molybdenum (A×B×D) ; nitrogen , micro bacterial inoculation and molybdenum (A×C×D) ; phosphorus , micro bacterial inoculation and molybdenum (B×C×D) and among the four factors (A×B×C×D) . These results of the interaction reveal that the effect of Mo is more pronounced in the presence of 13.1 kg P/fed and the low level of nitrogen (30 kg N/fed) . In general , the highest values of plant height or dry weight/plant were recorded for soybean plants inoculated with rhizobium + bio fertilizer and received 30 kg N/fed + 13.1 kg P/fed and 5 kg sodium molybdate /fed Seed and straw yields Data in Table ( 2) present the seed and straw yields of soybean plants as affected by nitrogen, phosphorus and molybdenum application as well as microbial inoculation. The main effect show that both seed and straw yields were significantly and positively affected by the four studies factors. Taking average values into consideration, the percentage increases of seed yield due to 60 kg N/fed as well as P, Mo and dual inoculation application were 26.5, 46.5, 2.8 and 23.4 % as compared with 30 kg N/fed and without P, Mo ,or inoculation, respectively in the first season . The corresponding values for the straw yield were 26.7, 35.2, 2.2 and 19.4 % in the first season as the above mentioned order . Similar trends were observed in the second season whether for seed or straw yields . It is obvious to notice that dual inoculation with Rhizobium plus Biogen (bio-fertilizer) yielded seed and straw yields surpassed that due to single inoculation by Rhizobium only by about 7.8 and 5.1 % , respectively in the first season . The corresponding values in the second season were 6.9 and 6.0 % . Also, it could be notice that the plants inoculated with Rhizobium only produce higher seed or straw yields than that without bacterial inoculation in the both seasons .
Regarding the interactions between treatments , the data reveal that response of both seed and straw yields to microbial inoculation were affected by N, P and or Mo, where application of 60 kg N/fed decreased the effect of bacterial inoculation on soybean yield . On the other hand, application of P or Mo enhanced the effect of bacterial inoculation in both seasons . Moreover , added Mo to soybean plants was not affected seed and straw yields under the high level of nitrogen (60 kg/fed) . In general, the plants supplied with 30 kg N/fed + 13.1 kg P/fed + 5 kg molybdate sodium/fed + Rhizobium and Biogen inoculation gave the significantly highest seed and straw yields . While, the lowest grain and straw yields were obtained for plants fertilized with 60 kg N/fed and without P and Mo and without bacterial inoculation .
Nutrients content
The results of N , P, K and Mo concentration in seeds and straw present in Tables ( 3 , 4 ,5 and 6) . The results reveal that increasing nitrogen level from 30 to 60 kg/fed did not affect N , P , K and Mo concentrations in seeds or straw in both seasons , except molybdenum content in seeds which negatively responded to increasing nitrogen level .
The relative decreasing of molybdenum concentration in seeds due to 60 kg N/fed reached to 7.7 and 4.5 % , less than 30 kg N/fed during the first and second seasons, respectively .
As for phosphorus application , the data show that N , P, K and Mo in seeds and N , P and Mo in straw were significantly affected by phosphorus fertilization , while K in straw was not affected .
Increasing phosphorus levels from no phosphorus to 13.1 kg P/fed increased N , P, K and Mo in grains by about 8.5 , 34.5 , 4.4 and 28.4 %, respectively in the first season . On the other hand the relative increasing of N , P and Mo content in straw in the first season were 3.9 , 23.8 and 16.2 % in the abovementioned order . Similar trends were obtained in the second season . It is obvious to notice that the effect of P fertilization on enhancing nutrient content is more pronounced on P and Mo concentrations in seeds or straw than on N or K content .
Concerning the microbial inoculation , the results indicate that N , P , K and Mo concentration in seeds and straw were significantly affected by microbial inoculation , whether single or dual , except phosphorus concentration in seeds which was not affected . The effect of microbial treatments on improving nutrient content could be arranged in the ascending order as follows : without inoculation < single inoculation with rhizobia < dual inoculation with rhizobia + bio-fertilizer.
Regarding the effectiveness of molybdenum , the data obtained reveal that nitrogen , phosphorus and molybdenum in seeds and phosphorus , potassium and molybdenum in straw were markedly increased due to molybdenum application . The application of Mo enhanced N ,P and Mo in seeds by about 1.7 , 13.8 and 4.9 % , respectively in the first season , and increased P , K and Mo in straw by about 17.4 , 3.7 and 5.7 % , respectively in the first season Similar trends were obtained in the second season . In general , the results of the interaction between treatments reveal that increasing nitrogen level inhibited the effect of molybdenum on improving the nutrient content . Also , under the low level of nitrogen , the added molybdenum enhanced the effect of microbial inoculation on nutrient content , while increasing nitrogen level inhibited these effect . Moreover , the effects of molybdenum on enhancing the role of microbial inoculation on improving nutrient content were more pronounced in the presence of phosphorus . 
Nutrients uptake
The results concerning N , P, K and Mo uptake by seeds and /or straw are given in Tables (7 , 8, 9 , 10, 11and 12) . With respect to the main effect, the data obtained clearly indicate that nitrogen , phosphorus and molybdenum fertilization as well as microbial inoculation had positive effects on nutrient uptake by seeds and /or straw of soybean plants . Increasing nitrogen level from 30 to 60 kg /fed increased total N , P , K and Mo by about 27.0 , 27.0 , 24.1 and 25.6 % , respectively in the first season . Similar trends were obtained in the second season . The plants received 13.1 kg P/fed showed increases in total N , P , K and Mo by about 43.2 , 92.4 , 44.9 and 72.4 % over no phosphorus , respectively in the first season . Similar results were obtained in the second season . The plants treated with molybdenum absorbed N , P , K and Mo more than without molybdenum by about 6.2 , 24.1 , 5.9 and 11.0 % , respectively in the first season . The corresponding values for the second season were 4.9 , 13.0 , 5.4 and 9.8 % in the abovementioned order . The effectiveness of microbial treatments on nutrients uptake could be arranged in the descending order as follow : dual inoculation > single inoculation > without microbial treatment.
Considering the interaction between treatments , the results in general reveal that , the effect of rhizobia inoculation and /or bio-fertilizer was enhanced under the presence of P , Mo under the nitrogen level (30kg/fed) . It observed that nutrient uptake of the plants with the dual inoculation under 30 kg N/fed were significantly higher or equal to that treated with 60 kg N/fed .The plants treated with rhizobia + bio-fertilizer + 30 kg N/fed + 13.1 kg P/fed + 5 kg sodium molybdate /fed absorbed greatest nutrients contents in its seeds and straw . On the other hand, the lowest nutrient uptake were recorded for soybean plants without microbial inoculation and fertilized with 30 kg N/fed and without both P and Mo application . Tables (13 and 14 ) present the effect of microbial treatments as well as N , P and Mo fertilization on protein and oil percentages and yields in soybean seeds . The results reveal that protein percentage and yield (kg/fed) were increased due to N , P , Mo and microbial application , except protein % which was not affected by nitrogen treatments . It could be mentioned that the effect of the studied treatments and their interactions on protein % had the same effect as on nitrogen % in seeds (Table, 3) , since protein percentage calculated as nitrogen percentage multiplied by 6.25 . On the other hand, oil % was not affected by the studied treatments and their interactions in both seasons .
The data show that both protein and oil yields were significantly responded to nitrogen , phosphorus , molybdenum and microbial treatments . The addition of 60 kg N , 13.1 kg P , 5 kg molybdate sodium or dual inoculation with rhizobium + bio-fertilizer were improved both protein and oil yields . The data from the interaction among treatments indicated that the highest values of protein or oil yields were recorded for the plants supplied with 30 kg N + 13.1 kg P + 5 kg sodium molybdate /fed and inoculated with rhizobium plus biofertilizer . On the other hand, the plants fertilized with 60 kg N/fed without P , Mo or microbial inoculation excreted the lowest protein and oil yields . 
DISCUSSION
The results of the present investigation revealed that rhizobium and bio-fertilizers, which most of it's respective number is azospirilium had a positively affected soybean growth as plant height and dry weight /plant , seed and straw yields, nutrient content and uptake in seeds and straw and protein percentage and yield comparing with control (without bacterial inoculation ). This increments may be related to early nodulation , which encourage root development (Volpin and Kapulnic , 1994) . Tien et al (1979) reported that the increase in nodulation and plant growth of soybean attributed to production of growth promoting substances by bacteria . Growth promoting of soybean by inoculation with Bradyrizobium was reported by Rahmani and Saleh (2001) in N-deficient soil . Egamberdiyeva et al (2004a) reported that rhizobia inoculation of soybean increased shoot and root dry weight by 7-23% and 5.7 -78% , respectively . Sobral et al (2004) found that isolated Bradyrizobium was able to produce IAA, solubilize phosphate and fix nitrogen which could be used for soybean growth promotion . The increase in mineral uptake (N,P,K and Mo) may be due to the increase in root length rate which was improved after dual inoculation (Dobbeleare and Okon , 2007) . The essential effect of co-inoculation on increasing susceptibility to rhizobia infection may be that due to bio-fertilizer stimulates the formation of large number of epidermal cells that differentiate into infectable root hairs (Yahalom et al , 1987) . In a similar manner , Okon and Kapulnik (1986) indicated that the improvement of root proliferation , water status and mineral uptake of plant was due to azospirillum . These results were in line with those obtained by Malike et al (2006) and Qureshi et al (1986) for growth parameters and Kumage and Ofori (2004) and Abbasi et al (2013) for nutrients uptake .Positive effects of increasing Nfertilizer application on plant height and dry weight of soybean have been observed in case of the individual N application , while the nutrients content were not affected . On the other hand , increasing N levels had a negative effect on soybean growth when combined with bacterial inoculation , where 30 kg N/fed + dual bacterial inoculation yielded tallest and heaviest plants . In this concern , Norhayati et al (1988) mentioned that the positive effects of nitrogen application on soybean have been observed in the same investigated field , but not in others, Herridege and Brorckwell (1988) . Many factors for this variation such as growth conditions , management practice , initail level of soil fertility , native rhizobia population or the timing of N application could be cited (Peopls et al, 1995) . On the other hand , a high rate of chemical N increased nitrate concentration in soybean seeds , hence reduced quality of soybean (Diep et al , 2002) . The higher amounts of N seem inhibitory to N 2 -fixation (Yanni,1992) . These results are similar to these obtained by Salvagiotti et al (2008) .
There were high increase in soybean growth , i.e. plant height , nutrient concentration and uptake as well as protein and oil percentages and yields after addition of 13.1 kg P/fed . Higher values of these traits due to P application were mainly due to the direct effect of P on the root growth and its development ( Srivastava and Ahlawat, 1995) . Abbasi et al (2013) mentioned that the P supply in soil had an important role in nitrogen fixation in soybean . This was supported with three lines of evidence . First , increasing in P supply increased the total number of root nodules , second ,P supply increased N concentration in shoots and N uptake by soybean plants, and the third , N in shoots correlated significantly with P concentration in shoot . In addition , Kandil et al (2013) reported that growth parameters were significantly increased by application of P fertilizer in the absence or presence of Mo fertilizer . Phosphorus is important for cell divination activity , leading to increase plant height and number of branches and consequently plant dry weight (Thalooth et al, 1981 and Tesfaye et al , 2007) . P has a synergistic effect on Mo uptake by plants . A stimulating effect of phosphorus on Mo availability is apparently due to the formation of highly soluble phospho molybdate complex. These results are in line with those obtained by Kumaga and Ofori (2004) and Abassi et al (2013) .
Results obtained in the present study have indicated a positive effect of Mo application on phosphorus and molybdenum concentration and uptake . Also, Mo application improved growth and yields of soybean and nitrogen content in seeds and straw only under 30 kg N/fed , while increasing N levels to 60 kg/fed inhibited the positive effect of Mo on plant height and dry weight as well as seed and straw yields and N content . In this concern , Yanni (1992) mentioned that the relative enhancement of nodule development due to Mo decreased with increasing the rate of N , consequently inhibited growth, yields and nutrient uptake . Kandil et al (2013) pointed out that there were a synergistic effects on growth parameters and yields between Mo and P fertilizers which added P enhance the beneficial effect of Mo of common bean varieties . The positive effect of Mo on soybean growth is mainly due to , Mo is directly involved in nitrogen fixing enzymes nitrogenase and nitrogen reduction enzyme , nitrate reductase especially for legumes forming root nodules . Its application can play a vital role in increasing growth of legumes through its effect on plant itself and also on the nitrogen fixation process by rhizobium . Sharm et al (1988) observed that molybdenum was responsible for the formation of nodule tissue and in increase nitrogen fixation and without adequate quantities of Mo nitrogen fixation could not occur and microbial activity was depressed . These results are in accordance with those obtained by Liu et al (2005) and Khan et al (2014) .
As for the interactions among treatments the results reveal that increasing nitrogen level from 30 to 60 kg/fed significantly decreased the effect of microorganisms inoculation or molybdenum on soybean growth , yields and nutrient content . Where , 5 kg sodium molybdate increased plant height and dry weight and seed and straw yields (A× C×D) along with dual inoculation by about 1.3 ,8.2 , 1.9 and 5.3 % under 30 kg N/fed when compare with no Mo in the first season , respectively . The corresponding values for the second season were 1.3 ,7.9 , 3.4 and 5.9 % in the same respect . Meanwhile , Mo application did not significantly affect soybean growth and yields along with microbial inoculation for the plants received 60 kg N/fed . Similar results were obtained by Yanni (1992) . On the other hand, P had a synergistic effect on the improving soybean growth and yields cauld be Mo . Moreover , Mo application did not affect soybean growth under zero phosphorus . Mixed bio-fertilizer with rhizobia enhanced the growth parameters than single rhizobia inoculation treatment . The results of the interaction among the four factors revealed that , in general , the highest growth , yields and nutrient content were recorded under the treatment of 30 kg N/fed + 13.1 kg P/fed + dual inoculation with rhizobia and bio-fertilizer + 5 kg sodium molybdate / fed . Many authors stated the beneficial effect of the combined dual inoculation with bio-fertilizer plus low nitrogen level and P and Mo application to improve growth and yields of soybean plants and quality of its seeds such as Yanni (1992) for rhizobia + Mo on chickpea ; Ranaweara (1992) for N and Mo on soybean , Bhuiyan et al (2008) for P, Mo and rhizobia inoculation on mungbean and Abdul Jabbar and Saud (2012) for Mo and rhizobia + azospirillum on soybean .
CONCLUSION
It could be concluded that inoculated soybean plants with rhizobia combined with bio fertilizer( biogen) and fertilized with 30 kg N /fed +5 kg molybdate sodium/fed enhanced soybean growth, yields and protein and oil percentages and yields under the Middle Egypt conditions .
